Abstract. The present study aimed to investigate the role and mechanism of microRNA-539 (miR-539) in rheumatoid arthritis (RA). A total of 68 RA patients and 46 osteoarthritis patients were enrolled into the current study. Peripheral blood and joint fluid were collected prior to treatment. Reverse transcription-quantitative polymerase chain reaction was performed to detect osteopontin (OPN) mRNA and miR-539 expression levels, while ELISA and western blot analysis were applied to detect OPN protein expression. In addition, bioinformatics analysis predicted that miR-539 directly targeted OPN, while dual-luciferase assay was used to validate this finding. Furthermore, agomiR-539 transfection and OPN knockdown by siRNA were conducted in MH7A cells, and MTT assay was used to detect MH7A cell proliferation. The results indicated that OPN was significantly increased in the blood and joint fluid of RA patients, while miR-539 expression was significantly decreased in the two types of specimens (P<0.05). Subsequent to silencing OPN by siRNA, the proliferation of MH7A cells was decreased (P<0.05). Following upregulation of miR-539, OPN expression was significantly decreased and cell proliferation was inhibited. Dual-luciferase assay revealed that miR-539 regulated OPN expression through complementary binding to 3'-untranslated region. OPN was also significantly increased in the blood and joint fluid of RA patients, which may be associated with the downregulation of miR-539. Thus, miR-539 may promote the development and progression of RA through regulating OPN.
Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by symmetrical arthritis, which may invade the heart, lung, kidney, artery, nerve and eyes (1, 2) . The prevalence rate of RA ranks first among autoimmunity connective tissue diseases (3) . The average incidence of RA is 0.5-1% worldwide, while it is 0.32-0.36% in China (4) . RA can occur at any age with a high incidence rate, and the common age of incidence is 40-60 years. The majority of the RA patients are women, and the incidence rate is 2-3 times higher in comparison with that in men (5) .
It has been reported that numerous microRNAs (miRs) participate in the development and progression of RA (6) (7) (8) .
In addition, miR-539 has been observed to be significantly upregulated in patients with heart failure (9), in the blood of patients with alcoholic hepatitis (10) , and in human osteosarcoma cells (11) . All these findings indicated that miR-539 is closely associated with the disease development. However, the role of miR-539 in RA remains unclear.
Osteopontin (OPN), also known as secreted phosphoprotein 1 or early T-lymphocyte activation 1, is a potential promoter among inflammatory cytokines (12) . A large numbers of OPN surface receptors are expressed in synovial cells, which combined with OPN to induce signaling transduction and influence the adhesion and proliferation of synovial cells (13) . In RA and juvenile idiopathic arthritis patients, OPN protein has been reported to be significantly increased in the synovium, while it was also significantly higher in the articular cartilage of osteoarthritis patients, where it may induce the gradual degradation of articular cartilage (14) . OPN protein in synovial fluid originates from the synovium and cartilage. Honsawek et al (15) observed that OPN protein expression was significantly increased in RA and osteoarthritis patients.
In the current study, OPN and miR-539 expression at the mRNA and protein levels were detected in the blood and joint fluid of RA patients. Next, the association between miR-539 and OPN expression was analyzed. The mechanisms underlying the role of miR-539 in the development and progression of RA were also discussed.
Materials and methods
Clinical data and sample collection. The present study included 68 RA patients, as well as 46 osteoarthritis patients serving as the controls, who were admitted between January 2014 and June 2015 to Nanjing First Hospital (Nanjing, China). Among the RA patients, 21 cases were male and 47 cases were female, with ages ranging between 26 and 72 years, and a median age of 51.6 years. . Among these control cases, 9 patients (4 males and 5 females) were subjected to extraction of joint fluid, whose median age was 49 years. All the patients were diagnosed by pathologists in our hospital. The included patients presented the first onset of disease and had not received previous treatment, such as hormones, medication, radiotherapy or chemotherapy. Prior written informed consent was obtained from every patient, and the study was approved by the Ethics Review Board of Nanjing Medical University (Nanjing, China).
Fasting peripheral blood was collected from all patients on admission, and the serum was isolated from the samples by centrifugation at 1,000 x g for 10 min. The joint fluid samples were collected by knee joint cavity paracentesis under a sterile environment by an experienced clinician and stored at -80˚C within 2 h.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from both serum and joint fluid by the TRIzol method (Shanghai Yisheng Biotechnology Co., Ltd., Shanghai, China), and RNA quality was examined by 10% SDS-PAGE and by determining the ratio of absorbance at 260/280 nm with a spectrophotometer. Total RNA was reverse transcribed into the cDNA for mRNA determination using miRcute miRNA First-Strand cDNA Synthesis kit (Tiangen Biotech Co., Ltd., Beijing, China), while the poly (A) tailing method was used to obtain miRNA cDNA, as described previously (16) .
For RT, 1 µg RNA was added to 2 µl Oligo (dT), followed by addition of H 2 O to a final volume of 10 µl, and the mixture was centrifuged at 400 x g and 4˚C for 5 sec. Following incubation at 72˚C for 2 min and placing on ice for 2 min, the mixture was centrifuged again at 400 x g and 4˚C for 5 sec, followed by addition of 2 µl dNTP Mix (10 mM), 2 µl dithiothreitol (20 mM), 2 µl Powerscript Reverse Transcriptase and 4 µl 5X First-strand Buffer (Tiangen Biotech Co., Ltd.), and incubation at 42˚C for 1.5 h. The obtained cDNA was stored at -20˚C. Subsequently, qPCR was conducted with the SYBR Green RT-qPCR kit (Tiangen Biotech Co., Ltd.) to detect the expression of OPN mRNA in the blood and joint fluid of patients. β-actin was used as an internal reference. Primers used in qPCR were as follows: OPN, 5'-GTT ATG AAA CGA GTC AGC TG-3' (forward) and 5'-TTA ATT GAC CTC AGA AGA TG-3' (reverse); β-actin, 5'-AGC GGG AAA TCG TGC GTG-3' (forward) and 5'-GAG GGT ACA TGG TGG TGC C-3' (reverse). The reaction was conducted in a 25-µl system that included 10 µl RT-qPCR-Mix, 0.5 µl forward primer, 0.5 µl reverse primer, 2 µl cDNA template and 7 µl ddH 2 O. The cycling conditions were the following: Initial denaturation at 95˚C for 5 min, and 30 cycles of denaturation at 95˚C for 30 sec, elongation at 58˚C for 30 sec and annealing at 72˚C for 30 sec. The relative mRNA expression of OPN with respect to that of β-actin was calculated by the 2 -ΔΔCq method (17) . The RT method used for miRNA followed the standard protocol provided by the manufacturer of the miRcute miRNA cDNA kit (Tiangen Biotech Co., Ltd.). This kit was used to detect the expression of miR-539 in the blood and joint fluid of patients. U6 was used as internal reference. The primers used in qPCR were as follows: U6, 5'-CTC GCT TCG GCA GCA CA-3' (forward) and 5'-AAC GCT TCA CGA ATT TGC GT-3' (reverse); miR-539, 5'-ACA CTC CAG CTG GGA TCA TAC AAG GAC AAT-3' (forward) and 5'-TGG TGT CGT GGA GTC G-3' (reverse). The 25 µl reaction system included 10 µl RT-qPCR-Mix, 0.5 µl forward primer, 0.5 µl reverse primer, 2 µl cDNA template and 7 µl ddH 2 O. The cycle conditions were the following: 95˚C for 5 min, followed by 40 cycles of 95˚C for 15 sec, 60˚C for 30 sec and 72˚C for 30 sec. The relative expression of miR-539/U6 was calculated by the 2 -ΔΔCq method.
ELISA. The serum and joint fluid samples were subjected to ELISA to determine the concentration of OPN, performed according to the manufacturer's protocol of the OPN ELISA kit (cat. no. ab100618; Abcam, Cambridge, UK). Briefly, 50 µl of the standard samples at 0, 74.07, 222.2, 666.7, 2,000, 6,000 and 18,000 pg/ml were added into different wells on the ELISA plate. Next, 10 µl sample and 40 µl dilution solution was added into each well. With the exception of the blank well, each well was treated with 100 µl biotinylated antibodies and incubated at 37˚C for 1 h. Subsequent to washing five times, 50 µl substrate A and 50 µl substrate B were added into each well, incubated at 37˚C for 15 min, and followed by addition of 50 µl stop solution in order to terminate the reaction. Optical density values were measured at a wavelength of 450 nm within 15 min.
Bioinformatics prediction. Bioinformatics prediction is the basis to explore the functions of miRNAs, and this method was used in the present study to predict the potential miRNAs that regulate OPN directly. The miRanda (microrna.org/microrna/home. do), TargetScan (targetscan.org), PiTa (genie.weizmann. ac.il/pubs/mir07/mir07_data.html), RNAhybrid (bibiserv. techfak.uni-bielefeld.de/rnahybrid/) and PICTA (pictar. mdc-berlin.de/) software packages were used. According to the results of this analysis, miR-539 was selected to further exploring its association with OPN in RA progression.
Dual-luciferase assay. Based on the bioinformatics prediction, the wild-type 3'-untranslated region (UTR) (5'-AAU UUC UC-3') and the mutant 3'UTR (5'-UUA AAG AG-3') (both Sangon Biotech Co., Ltd., Shanghai, China) of OPN were synthesized in vitro and cloned into the Ambion ® pMIR-REPORT™ miRNA Expression Reporter Vector system (Thermo Fisher Scientific, Inc., Waltham, MA, USA) by Spe-1 and HindIII restriction sites. 293T cells (Cell Bank, Chinese Academy of Sciences, Shanghai, China) were co-transfected with agomiR-539 (100 nM) mimics (5'-GGA GAA AUU AUC CUU GGU GUG U-3'; Sangon Biotech Co., Ltd.) and with the wild-type OPN 3'UTR or mutant 3'UTR using ExFect Transfection Reagent (Vazyme, Piscataway, NJ, USA). Subsequent to transfection for 24 h, cells were lysed using the lysis buffer provided by the Dual-Luciferase Reporter Assay System kit (cat. no. E1910; Promega Corporation, Madison, WI, USA) and luciferase intensity was measured by a GloMax 20/20 luminometer (Promega Corporation) based on the standard manufacturer's protocol of the aforementioned kit. The intensity of Renilla was used as the control, and the fluorescence intensity in different groups was analyzed.
Cell transfection. At 1 day prior to transfection, 3x10 5 MH7A cells (Cell Bank, Chinese Academy of Sciences, Shanghai, China) were seeded into each well of a 24-well plate and cultured into antibiotic-free F12/Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (all Thermo Fisher Scientific, Inc.). When ~70% confluence was reached, the cells were used for transfection. The pMIR-REPORT luciferase vector, OPN siRNA (5'-AAA CAG GCT GAT TCT GGA AGT TC-3'; 50 nM), agomiR-539 (5'-GGA GAA AUU AUC CUU GGU GUG U-3'; 10 nM), agomiR-NC (5'-UUC UCC GAA CGU GUC ACG UTT-3'; 10 nM; all Sangon Biotech Co., Ltd.) and Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) were added into Eppendorf tubes containing 50 µl DMEM. Next, the mixture was added to each well after incubating for 20 min at room temperature. Following transfection for 48 h, the cells were collected to detect the expressions of OPN at the mRNA and protein levels.
Western blot analysis. Total proteins were extracted from MH7A cells based on standard protocol provided by the protein lysis kit (BestBio Science, Shanghai, China), and the protein concentration was detected by a BCA assay kit [Real-Times (Beijing) Biotechnology Co., Ltd., Beijing, China]. Proteins was then loaded into gels for 10% SDS-PAGE and transferred to a polyvinylidene difluoride membrane in an ice bath (constant voltage of 100 V for 2 h). Subsequent to blocking by 5% skimmed milk for 1 h at room temperature, the following primary antibodies were added: Rabbit anti-human polyclonal OPN (1:1,000; cat. no. ab8448) and rabbit anti-human β-actin (1:5,000; cat. no. ab129348). Following the incubation of the primary antibodies at 4˚C overnight, horseradish peroxidase-conjugated goat anti-rabbit IgG secondary antibodies (1:3,000; cat. no. ab6721) were added prior to incubation at room temperature for 1 h. All antibodies were purchased from Abcam. Between incubations, the membranes were extensively washed five times (5 min each) with PBS Tween 20. Finally, the membrane was developed by an enhanced chemiluminescence reagent (cat. no. ab65623; Abcam). The developed film was then scanned and analyzed by Image Lab 3.0 software (Bio-Rad Laboratories, Inc., Hercules, CA, USA). β-actin was used as an internal control to calculate the relative expression of OPN.
MTT assay. In order to examine cell viability, the transfected MH7A cells were seeded in 96-well plates at an approximate density of 2x10 3 cells/well, with three replicates for each well. At 24, 48 and 72 h, 20 µl 5 g/l MTT was added into each well, after which 150 µl dimethyl sulfoxide was added to resolve the purple crystals. Subsequent to incubation for 4 h at 37˚C, the absorbance of cells was measured at 490-nm wavelength and the proliferation curves were plotted.
Statistical analysis. The SPSS version 18.0 software (SPSS, Inc., Chicago, IL, USA) was used to conduct statistical analysis. All the data are expressed as the mean ± standard deviation, and a normality test was used. One-way analysis of variance was used to compare differences among multiple groups. When variance was homogenous, the least significant difference (LSD) and Student-Newman-Keuls (SNK) methods were used; otherwise, Tamhane's T2 or T3 methods were applied. P<0.05 was considered to demonstrate a difference that was statistically significant.
Results

Expression of OPN mRNA and protein levels in the blood and joint fluid of patients.
In order to detect the expression changes in OPN mRNA and protein levels, RT-qPCR and ELISA were performed, respectively. Compared with the control osteoarthritis patients, OPN mRNA expression was significantly increased in the blood and joint fluid of RA patients (P<0.01; Fig. 1 ). In addition, compared with the control group, OPN protein was also markedly enhanced in the blood and joint fluid of RA patients (P<0.05; Fig. 2 ). These results indicated that OPN mRNA and protein levels were consistently increased in both the blood and joint fluid of RA patients, suggesting that OPN may serve key roles in the pathogenesis of RA.
Expression of miR-539 in the blood and joint fluid. In order to investigate the expression of miR-539 in the blood and joint fluid, RT-qPCR was used. As shown in Fig. 3 , miR-539 expression in the two samples was significantly downregulated in RA patients when compared with the control patients (P<0.05). These results indicated that miR-539 level was decreased in both the blood and joint fluid of RA patients.
OPN is directly targeted by miR-539.
To determine whether OPN was directly targeted by miR-539, bioinformatics prediction was initially performed. It was observed that mR-539 was able to target OPN. The complementary binding site of miR-539 with OPN is shown in Fig. 4A . To further confirm this observation, a dual-luciferase assay was conducted following co-transfection of agomiR-539 and pMIR-REPORT plasmid. As shown in Fig. 4B , fluorescence was significantly downregulated in cells co-transfected with agomiR-539 and pMIR-REPORT OPN wild-type plasmid when compared with the negative control group (P<0.01). By contrast, there was no significant difference between the group co-transfected with agomiR-539 and pMIR-REPORT OPN mutant and the negative control group (P>0.05). The aforementioned results suggest that miR-539 regulates OPN expression through complementary binding to the 3'-UTR of OPN mRNA.
Effects of miR-539 on the proliferation of MH7A cells.
To examine the effect of miR-539 on MH7A cells, the expression levels of miR-539 and OPN in MH7A cells were detected following transfection with agomiR-539. Next, MTT was applied to detect the alterations in MH7A cell proliferation. As shown in Fig. 5A , miR-539 expression was significantly increased in MH7A cells following transfection with agomiR-539 (P<0.01). At the same time, as shown in Fig. 5B , OPN mRNA expression was significantly decreased following transfection (P<0.01). Furthermore, compared with the control group, MH7A cell proliferation was significantly inhibited subsequent to transfection with agomiR-539 (P<0.05; Fig. 5C ). These results indicate that miR-539 may Effects of OPN siRNA on MH7A cells. To further validate the aforementioned effects of agomiR-539 through downregulation of OPN expression, RNA interference technology was used to downregulate OPN expression and then detect the cell proliferation by MTT assay. As shown in Fig. 6A and B, OPN expression in the mRNA and protein levels was significantly decreased following transfection with OPN siRNA in MH7A cells (P<0.05). In addition, the MTT assay results revealed that cell proliferation was significantly inhibited in the agomiR-539 transfection group (Fig. 6C) . These results further confirm that downregulation of OPN may inhibit the proliferation of MH7A cells.
Discussion
In the present study, OPN expression was examined in the blood and joint fluid in RA patients, as well as the expression of the upstream regulator miR-539. In addition, the function and mechanism of miR-539 and OPN in the development of RA were preliminary discussed.
RA is a chronic and systemic autoimmune inflammatory disease with unknown etiology, and the clinical manifestation involves symmetric and multi-articular synovial arthritis, which is characterized by synovial tissue proliferation, angiogenesis and granulation tissue formation (18, 19) . In the pathological processes of RA, the synovial inflammation reaction invades the cartilage and bone tissues to damage joint structure. In addition, the inflammatory reaction induces angiogenesis and promotes the proliferation of synovial cells, which further accelerate joint dysfunction and lead to joint deformity, stiffness and eventual loss of function (20). If patients are not diagnosed and treated at an early stage, treatment of the disease becomes challenging, leading to joint deformity and high disability rates reaching 60-70% (21) . Therefore, it is important to clarify the pathogenesis and identify novel target genes for RA therapy.
OPN is a type of tumor-associated protein that was originally extracted from a malignant epithelial cell line. Through binding with its receptor CD44 and integrin, OPN promotes tumor cell adhesion, extracellular matrix degradation and cell apoptosis inhibition (22) . It also promotes angiogenesis and inhibits immune reaction, which induces the invasion and metastasis of tumor cells (23) . OPN is highly expressed in the articular cartilage, synovial fluid and synovium of osteoarthritis patients, while its expression has been positively correlated to the severity of the disease, indicating that OPN is closely associated with the development and progression of osteoarthritis (24, 25) . In animal experiments, it was observed that OPN gene-deficient mice had a strong ability to resist collagen-induced arthritis (26) . Furthermore, it was demonstrated that OPN was mainly expressed in the invaded articular cartilage pannus through in situ hybridization (27) . All these findings indicated that OPN may serve important roles in the pathogenesis of RA. In the present study, OPN was highly expressed in the blood and joint fluid in RA patients, while OPN silencing suppressed the proliferation of MH7A cells, a human rheumatoid arthritis synovial cell line, indicating that OPN served important biological roles in RA.
To further investigate the regulatory mechanisms of OPN, the upstream regulators of OPN were predicted in the current study through bioinformatics methods. It was observed that miRNAs may inhibit OPN mRNA translation through degrading OPN mRNA (28) . These regulatory mechanisms of miRNAs to upregulate or downregulate gene expression are involved in the development and progression of diseases (29, 30) . According to the bioinformatics analysis, miR-539 was found to be a possible upstream miRNA regulating OPN. In addition, as observed in the earlier experiments, miR-539 was significantly decreased in the blood and joint fluid of RA patients. Considering the abnormally high expression of OPN in the blood and joint fluid of these patients, it was hypothesize that the downregulated expression of miR-539 may result in increased expression of OPN, which finally affects the biological properties of human synovial cells. To further examine the underlying molecular mechanism, the human rheumatoid arthritis synovial MH7A cell line was cultured in vitro and transfected with agomiR-539 by the liposome method. The cell proliferation was then analyzed by MTT assay. The results indicated that miR-539 suppressed the proliferation of MH7A cells and upregulated miR-539, inducing the downregulation of OPN. Further experiments through dual-luciferase assay identified that miR-539 was able to directly bind to the 3'UTR of OPN mRNA.
In conclusion, the results of the present study suggested that miR-539 regulates OPN expression through complementary binding to 3'-UTR. OPN is significantly increased in the blood and joint fluid of RA patients and is associated with the downregulation of miR-539. In the present study, the selected specimens were joint fluid and routine blood, which are easy to obtain. Therefore, miR-539 may potential in minimally invasive diagnoses of rheumatoid arthritis.
